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ABSTRACT

This interim document reports on Phase I studies for a project involving
nstatistical Oxidant/Precursor Relationships in the Los Angeles Basin." The

purpose of Phase I is to survey the availability of aerometric data in the

SCAB and SEDAB, to identify potential source and receptor sites, and to assess
the quality of the data base. The objective is to investigate whether or not
the exiﬁting data base is sufficiently comprehensive and accurate for empirical
modeling of the oxidant/precursor relationship.

A survey of data availability indicates that there is an abundance of
oxidant and precursor data for conducting the empirical modeling study.
There is also an adequate amount of meteorological data. A1l of the air
dua]ity data and much of the meteoro]ogica1 data are readily available in
computerized form,

A review of wind streamline and trajectory studies demonstrates that
a westerly sea breeze flow occurs almost invariably during daylight hours
in the June-October photochemicallsmog season. For this prevailing wind
pattern, it is possible to identify at least five groups of source/receptor
sites for the eﬁpirical modeling analysis. |

A review of monitoring methods and statistical tests of data quality
result in consistent conclusions concerning the precision of oxidant and
precursor measurements. The precision of the data can be summarized as

0X703 - excellent, NOx - good, THC - fair, and NMHC - poor. Poor data

quality precludes the use of NMHC data in empirical modeling studies. Sta-
tistical oxidant/precursor relationships for the Los Angeles Region should be

based on data for 0X/03, NOX, and THC.
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1.0 INTRODUCTION

The South Coast Air Basin* (SCAB) experiences a severe problem with
respect to photochemical oxidant poliution. During the summer and early:
fall, the National Ambient Air Quality Standard (.08 ppm, 1 hour average)
is exceeded almost every day, typically by a factor of two to four. On
days of extreme photochemical smog in the SCAB, oxidant values up to five
or six times the national standard are reached.

The formulation and evaluation of oxidant control strategies for the
SCAB have been hindered by the lack of a reliable methodoiogy for relating
ambient oxidant levels to precursor (hydrocarbon and nitrogen oxide) emission
Tevels. There is a pressing need for oxidant air quality models thatlare
complex enough to include the'realities of fhe problem but simple enough to
be useful in practice. Under contract to the California Air Resources Board,
Technology Service Corporation is developing empirica] models of the relation-
ship of oxidant to its precursors by performing a statistical analysis of
the existing SCAB aerometric data base;

_The empirical modeling project is divided into four phases:

I. Data quality review and evaluation
II. Data acquisition and creation of a data base
IIT1. Model development and verification
IV. Application of the model to determining the impact of auto

use reductions on oxidant levels.

*Federa1 designation: Metropolitan Los Angé]es Air Quality Control
Region. B
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This interim report presents the results of Phase I. This phase is critical
because questions have been raised concerning the quality of the aerometric
data base for the purpose of empirical modeling. The ARB and EPA Project
Officers will decide iT the reéu!ts of Phase I warrant continuation to

subsequent parts of the study.

1.1 ORGANIZATION OF PHASE 1

The purpose of Phase I is to survey the existing aerometric data base,
to conduct data quaiity tests, and to verify that the data base is suffi-
ciently accurate and comprehensive for the embirical modeiing study. Phase
I consists of five major tasks:

A. Documentation of Data Scurces

e Identification of monitoring locaticns for oxidant, NO,
hydrocarbons, and weather parameters

e Documentation of data sources, quantity of data, monitoring
methods, and data availability

B. Selection of Potential Precursor/Receptor Sites

® .Review of studies concerning wind trajeqtories and wind
streamiines T

e Identification of precursor/receptor situations for the
dominant daytime wind flow patterns of the photochemical

sSmog season

C. Review of Monitoring Methods

e Review of literature concerning air pollution monitoring

methods, including studies of chemical interferences,



measurement reproducibility, and other problems associated with
the various methods

o Assessment of the specific practices followed by the monitoring
agencies in the SCAB

D. Data Verification Against Special Monitoring Practices

¢ Check of routine monitoring data against parallel measurements
taken in the ARB Mobile Van Program

e Check of routine hydrocarbon data against field tests conduqted
by the ARB E1 Monte Laboratory

E. Interstation Correlations

e Estimation of the correlation of pollutant levels betweén
various monitoring stations in the basin

e Comparison of interstation correlations for different pollutants

Chapters 2 through 6 discuss the five tasks in the order listed above.
Chapter 7 describes the findings and conclusions that are reached. A summary
of the conclusions is given in Section 1.2, while TSC's recommendations are
presented in Section 1.3.

1.2 SUMMARY OF CONCLUSIONS

Chapter 7 of this report discusses the findings and conclusions that have
resulted from the Phase I studies. An overview of the conclusions is presented
in the paragraphs which fo116w:

o An abundance of air quality data exists in the SCAB and. SEDAB for
conducting the empirical modeling analysis. There is also an ade-
quate amount of meteorological data. A11.of the air quality data
and much of the meteorological data are available in computerized

form.
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A westerly sea breeze flow occurs almost invariably during day-
time hours in the June-October photochemical smog season. For
this dominant wind pattern, it is possible to identify at least
five groups of source/receptor monitoring sites répresenting
various transport distances and various reaction times.

A critical review of monitoring methods and statistical tests
of data quality lead to consistent conclusions concerning the'
quality of oxidant and precursor measurements. The precision

of the data can be summarized as follows:

0X/0g3 - - - - - Excellent
NOx ----- Good
THC - - - - - Fair

NMHC - - - - - Poor

The absolute accuracy of KI oxidant data can be improved by cor-
recting for 302 and NOZ'interference and by adjusting for cali-
bration differences.

Routine NMHC data exhibit poor quality because the methane separa-
tion methods are error-prone, because errors are compounded by
subtracting one uncertain measurement from another, and because
the data are reported with a large round-off error.

It_shou]d be feasible to conduct a meaningful empirical modeling
study with data for oxidant/ozone, NOX and THC. The results of
previous empirical modeling efforts with Los Angeles data provide

some encouragement in this regard.
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1.3 RECOMMENDATIONS
The Phase I studies warrant the fo]]owfng recommendations:

e Empirical modeling of the oxidant/precursor re]dtionship should
not be attempted using routine NMHC data. If the present project
is continued to subsequent phases, the empirical analysis should
be based on data for oxidant/ozone, NOX, and THC. The main draw-
backs to such an analysis would be the "fair" quality of THC data
and the approximations made in estimating NMHC concentrations from
THC measurements.

e In a project continuation, a preliminary statfstica] analysis should
be conducted involving daily wind data and éorre]étions between
precursor measurements and oxidant measurements. This preliminary
ana1ysis‘shou1d a]]pw a more exact assessment of transport rela-
tionships between source sites and receptor sites; it also should
help to identify precursor sites with the highest.quality THC

data.

o If cdnducted, the empirical mode]fng study should be restricted
to days exhibiting the westerly sea breeze flow pattern. Selec-
tion of specific source/receptor sites and oxidant averaging
times each day should be based on analyses of daily Wind speeds

and wind directions.
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2.0 DOCUMENTATION OF DATA SOURCES

Tﬁis chapter documents the availability of air quality and meteorological
data for empirical modeling of the oxidant/precursor relationship. The dis-
cussion covers quantities of data, years for which data are available,
monitoring methods, data sources, and monitor locations. The area of
interest includes the South Coast Air Basin (SCAB) and adjacent parts of
the Southeast Desert Air Basin (SEDAB).

2.1 AIR QUALITY DATA
fhe empirical modéiﬁng analysis requires hourly data for hydrocarbons

and nitrogen oxides at source sites in the SCAB and hourly data for oxidant

(or ozone) at receptor sites in the SCAB and SEDAB. To conduct the analysis,

at least three years of simultaneous oxidant and precursor data are neces-

sary. This section Tists those monitoring sites which provide sufficient

air quality data and documents monitoring methods, site 1oéations, and

data availability. Much of the informationvpresented below is based on

state and local data summaries.[]’2’3]

2.1.1 Ambient Precursor Data

In order to select potential precursor sites for the empirical modeling
analysis, all sites in the SCAB which monitor both total hydrocarbons (HC)
and nitrogen oxides (NOX) were identified. The number of hourly HC and
NOx readings at each site was documented for each year from 1966 to 1975.

Table 2.1 Tists the sites which provide "complete" data for at least three

years. The completeness criterion requires that at least 6500 hourly readings
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Number of Hourly HC and NO Readings

at SCAB Sites by Year (Hundreds of Measurements)

Site : -
(Station Number) 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
LOS ANGELES COUNTY
Azusa (60) 82 86 87 87 86
7 79 80 8 80
Burbank (69) 85 8 8 85 87
78 8 8 82 82
Lennox (76) 8 87 85 87 86
74 7 G 80 83 83 8 &
Los Angeles (1) 84 80 85 83 83 86 87 87 85 82
78 74 76 70 77 79 79 75 79 79
Newhall (81) 86 84 8 87
80 82 8 82
Pasadena (79)
- Pasadena . (83) 86 8 86
. | 84 81 82
Pomona (75) 87 87 87 87
82 8 82 83
Reseda (74) . 85 86 85 85
83 85 3 84
Whittier (80) 85 8 -8 85
| 83 81 81 83
ORANGE COUNTY -
Anaheim (377) 7% 76 -8 8 83 78 87. 8 77 80
| 54 73 74 79 73 78 79 72 81 76
SAN BERNARDINO .
COUNTY
San Bernardino (351) &I B 82 8 8 86
43 3 68 74 80 79

Upper entry is number of total hydrocarbon read1ngs, lower 1is number

of NO, read]ngs

NMHC and CHy data, as ‘well as total ‘hydrocarbon data, are ava11ab1e for

Los Ange]es County sites.
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(75% of the total hours in a year) exist for HC and for NOX. The upper
entry of each pair in Table 2.1 is the number of recorded hydrocarbon
readings for a given site and year, while the lower {igure is the corres-
ponding number of NOx readings. The smaller of these two numbers is the
maximum number of hours for which both HC and NOX readings might be
available for a given site and year. The acfua] number of hours with
simultaneous HC and NOX data may be somewhat smaller, depending on the
correlation between missing HC values and missing NOx data. Station-~years
not meeting the completeness criterion for both pollutants afe shaded in
the table.

A1l sites in Los Ahge]es County which monitor HC also monitor methane
‘(CH4) and report nonmethane hydrocarbons (NMHC = HC - CH4) as well as
[4]

total hydrocarbons. Since methane has neg]igfb]e photochemical reac-
tivity, it seems preferable td use NMHC instead of total hydrocarbons in

the empirical modeling analysis. However, the lack of NMHC data at all sites
outside Los Angeles County will necessitate the use of total hydrocarbon

data in some portions of the analysis. As long as a fairly consistent
relationship exists between HC and NMHC at each site, the erfor induced

by using HC measurements rather than NMHC measurements should not be

) *
significant.

*

As will be discussed later, total hydrocarbon measurements in Los
Angeles County appear to be much more reliable than NMHC measurements.
This is partly due to the large round-off error in the NMHC readings.

If statistical analyses demonstrate that the quality of NMHC data is poor,
then NMHC data will be entirely excluded from this study.
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It should be noted that hydrocarbon monitoring has recently begun
at a number of sites. These sites may be useful for future studies, but
they have not accumulated enqugh data to be considered for the present
project.

2.1.2 Ambient Oxidant (Ozone) Data

A large number of sites in the SCAB and SEDAB monitor oxidant or ozone.
Ozone is a specific chemical speéies, 03, which is measured by the chemi-
luminescent method or by ultraviolet photometry. Oxidant consists mbsf]y
of ozone but includes other oxidizing pollutants in the atmosphere. As defined
here, oxidant data refer to measurements taken by the colorimetric potassium
jodide (KI) method. For the honitoring sites discussed below, all pre-1973
data (and most of the data thereafter) consist of oxidant measurements rather
than ozone measuréments.

Table 2.2 lists the monitoring sites in the SCAB that provide at least
three years of "complete" oxidant or ozone data, while Table 2.3 presents a
similar listing for the SEDAB. The numbers given in‘Tables 2.2 and 2.3 refer
to the number of hourly readings taken each year. The completeness criterion
requires that at least 6500 hourly readings be available for each station-
year included in the study. - As before, station-years not meeting the
completeness criterion are shaded.

As explained in Chapter 4, oxidant measurements made using the KI method
can be converted to eguivalent ozone concentrations by corecting fbr inter-

ferences by sulfur dioxide and nitrogen dioxide. Thus, it is also necessary



‘Table 2.2 Number of Hourly Oxidant Readings at SCAB
Sites by Year (Hundreds of Measurements)
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(Stat?égeNumber) 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
LOS ANGELES COUNTY | |
Azusa (60) g3 80 8 8 8 8 8 8 83 83
Burbank (69) 83 80 8 8 83 8 8 83 83 82
Lennox (76) 83 8 8 8 8 8 8 8 8 83
Long Beach (72) g2 82 8 79 8 83 8 g2 8l 81
Los Angeles (1) g3 8 82 8 79 8 84 8 80 82
Newhall (81) : 79 739 8 83 8 82
Pasadena (89) g0 83 33 :
(83) 51 8 8 8l
Pomona (75) 82 8 83 8 83 8 83 83 83 81
Reseda (74) g2 83 8 8 8 8 8 8 8 83
West LA (71) 83 81 8 8 82 83
Whittier (80) 83 83 8 83 8 83
ORANGE COUNTY |
Anaheinm (377) 73 77 s & 8  #%
La Habra (378) 7 77 80 & 19 76
SAN BERNARDINO
©_ COUNTY
Redlands (365) g 13 e7 71 75 75 8¢ 86 86
San Bernardino (351) 80 83 8 79 78 79 79  77% 8%  83*
RIVERSIDE COUNTY |
Riverside (326) 74 74 80 54
Rubidoux (344) ,§§; 86 84 84

. _
A1l or part of the oxidant data for these station-years are ozone data.
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Table 2.3 Number of Hourly Oxidant Readings at
SEDAB Sites by Year (Hundreds of Measurements).

(Stat?ggeNumber) 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
L0S ANGELES COUNTY
Lancaster (82) 83 80 81 82
RIVERSIDE COUNTY
Barning (333) 82
(350) g4« 83 84
Indio~0asis (345) 80 85 85 85
_Palm Springs (331) 82 85 85 81
SAN BERNARDINO
COUNTY
Victorville {369) 73 74 79 77 82 81




to assess the availability of SO2 and NO, data. Tables 2.4 and 2.5 summarize
the availability of 502 and NOZ data for the sites which provide "complete"
oxidant data (i.e., the sites in Tables 2.2 and 2.3). It is obvious that

the lack of SO2 data for some years at some sites may present a problem.
However, most sites which lack 802 data experience low 502 Tevels, and
thgrefore should have low 30, interference. A decision on how to make
inteference corrections for sites (or years) lacking S0, or NO, data will

be 1eft for Phase-II of this program.*

2.1.3 Monitoring Methods

Table 2.6 lists the monitoring methods for hydrocarbons, NO,, and
oxidant/ozone in the SCAB and for oxidant/ozone in the SEDAB. As discussed
in Chapter 4, different monitoring methods will not necessarily yield equi-
valent measurements. Fortunately, the various air pollution agencies in
the SCAB use similar methods for hydrocarboﬁs and NOX. _However, four dif-
ferent techniques are used for oxidant or ozone. In order to develop a
data base that is internally consistent, it will bé necessary to apply
correction factors to compensate for differences among the measurement
techniques for oxidant or ozone. The appropriate correction factors are
presented in Chapter 4.

2.1.4 Data Availability

For the sites Tisted in Tables 2.1 to 2.6, the monitoring agencies
are the respective county branches of the Southern California Air Pollution

Control Districy (SCAPCD). The California Air Resources Board has collected

* .
In some cases it may be acceptable to neglect the interference. In
other cases, 302 or NO2 data from a nearby site may be used to make the
1nterference correct1on
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Table 2.4 Number of Hourly S0, Readings at SCAB and
SEDAB Sites by Year {Hundreds of Measurements)

: " Site . ' ‘
(Station Mumber) 1966 1967 1958 1969 1970 1971 1972 1973 1974 1975
10S ANGELES COUNTY -

Azusa (60)
Burbank (69)
Lennox (76)

Long Bzach (72)
Los Angeles (1)
Newhall (81)

‘Pasadena (79)
(83)

. Pomona (75)

" Reseda (74)
West LA (71)
Wnittier (80)

ORANGE COUNTY
Anaheim (377)

La Habra (378)

~ RIVERSIDE COUNTY
Riverside (326)

Indio

Banning

SAN BERNARDINO
COUNTY

Redlands (365)

San Bernardino (351):
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Table 2.5 Number of Hourly NO, Readings at SCAB and
SEDAB Sites by Year (Hundreds of Measurements)

. Site - - o _
jStﬁtion Number) 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
LOS ANGELES COUNTY

Azusa (60) 77 77 16 79 73 &0 g1 81 83 80
Burbank (69) 77 77 716 78 71 78 8 8 8 -8
Lennox (76) 4 75 74 77 81 80 83 8 83 82
Long Beach (72) 73 75 75 18 81 . 31‘ 82 81.-. 79 78

Los Angeles (1) 78 78 76 74 79 80 8 77 - 80 80

Newhall (81) 81 8 82 82 - 8
N -

" Pasadena {79) : B
| - & 84 81 82

(83)
“Pomona (75) 81 8 84 83 83
Reseda (74) - ©79 83 8 84 84
Vest LA (71) 79 8 8 g2 &l _
Whittier (80) 883 8l &1 83
‘Lancaster (82) 7% 83 80 8 83
ORANGE COUNTY P
Anaheim (377)

79 80 73 80 76
La Habra (370)

76 79 19 78 T8 .
. RIVERSIDE COUNTY | |
Riverside (326)
Rubidoux (344)

Banning (333)
(350)

Indio (345)
Palm Springs (331)
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>

Table 2.5 Number of Hourly NO, Readings at SCAB and
SEDAB Sites by Year {Cont.)

~Site . '

{Station Number) 1056 1967 1968 1969 1970 1571 1972 1973 1974 1975
SAN BERNARDINO '
COUNTY

Redlands (365) 27 Eﬁ?{
San Bernardino |

(351) 81 80
Victorville o

- 79 81

- (369)
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- Table 2.6 Monitoring Methods in the SCAB and SEDAB

Site (Station No.) Oxidant/Ozone(a) NOy(b) Hydrocarbons({c)

LOS ANGELES COUNTY

Azusa (60) KI (unbuf) colorimetric (NO) FI
Burbank (69) KI (unbuf) colorimetric (NO) FI
Lennox (76) KI (unbuf) colorimetric (NO) GC/FI
Long Beach (72) KI (unbuf) colorimetric (NO) --
Los Angeles (1) KI (unbuf) colorimetric (NO) FI
Newha11 (81) KI (unbuf) colorimetric (NO) FI
Pasadena (79) KI (unbuf) colorimetric (NO) ~ FI
. (83) KI (unbuf) colorimetric (NO) FI
Pomona (75) KI (unbuf) colorimetric (NO) FI
Reseda (74) KI (unbuf) colorimetric (NO) GC/F1
West LA (71) KI (unbuf) colorimetric (NO) --
Whittier  (80) KI (unbuf) colorimetric (NO) FI

ORANGE COUNTY

Anaheim (377) KI (neut. buf.) colorimetric (NOX) FI-
prior to 6/1/75, :
UV photometric
calibration since

La Habra (378) KI (neut. buf.) colorimetric (NOX) -
prior to 6/1/75,
W photometric
calibration since

SAN BERNARDINO
COUNTY

Redlands (365) KI (neut. buf.) colorimetric (NO_) -
to Jan., 73, X
chemiluminescent
since

San Bernardino KI (neut. buf.) colorimetric (NOx) FI
(351) to June, 73,
chemiluminescent
since
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Table 2.6 Monitoring Methods in the SCAB and SEDAB (Cont'd)

Site (Station No.) Oxidant/0zone

LOS ANGELES COUNTY

Lancaster (82) KI (unbuf)

RIVERSIDE COUNTY

Banning (333) KI (neut. buf) to Jan. 73,
(350) UV photometric calibration since
Indio (345) KI (neut. buf.) to June 75,
UV photometric calibration since
Palm Springs (331) KI (neut. buf.) to Jan. 75,
: W photometric calibration since
'SAN BERNARDINO ' ’ '
COUNTY |
Victorville (369) " KI (neut. buf.) to 1974,
' chemiluminescent since
(a) KI = potassium iodide, colorimetric method of total oxidant measufement.

(b)

(c)

KI (Neut. buf.) - KI method, calibrated using neutral buffered KI
solution; (ARB's pre-1975 technique).
KI (unbuf.) = KI method, calibrated using unbuffered KI solution;
" (Los Angeles APCD's past and present technique).
UV photometric calibration = KI method but calibrated using UV
photometry, an ozone-specific technique.

" Chemiluminescent = measurement of Tight emitted from ethylene-ozone

reaction, believed to be ozone-specific.

(NO) indicates that NO and NOp are measured; recorded NO,
(NOx) indicates that NO and NO, are measured; recorded NO

NO + N02.
NOX - NOz-

FI = flame ionization detection, which responds to carbon atoms.
GC/FI = flame ionization detector fed by a gas chromatograph
separator column. '
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the data from the counties, and all the hourly data {with the exception

of methane measurements) are available on magnetic tape from the ARB for
the years 1963 to 1975. The methane measurements for Los Angeles County
(as well as all other Los Angeles County data) are available from the
Soufhern California APCD-for the years 1955 to 1975. Technology Service
Corporation's aerometric data bank presently includes all of the ARB tapes
from 1965 to 1974 and all of the Los Angeles County data from 1955 to |
August 1974. '

2.1.5 Monitor Locations

Figure 2.1 illustrates the geographical‘1ocatﬁon of pbtentia] source
sites_(see Table 2.1) and potential receptor sites (see Tables 2.2 and 2.3).
Each open or solid circle in Figure 2.1 represents a potential receptor site.
The solid dots could also be used as source sites. It should be noted that
evéry station which provided enough precursor data to qualify as a source

site also provided enough oxidant/ozone data to quality as a receptor site.

2.2 METEOROLOGICAL DATA

The meteorological data of most interest in the empirical modeling
analysis are wind speed, wind direction, temperature, mixing heights (or
other vertical profile data), solar radiation, and relative humidity. The
purpose of this section is to document, for the years 1966 through 1975,
which SCAB and SEDAB stations have measured and recorded these data in a
usable format. The sites examined include méteoro]ogica] stations as

well as combined air quality and meteorological monitors.
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Due to the expense and fragility of the equipment, solar radiation
has been measured continuously at only two sites in the Los Angeles area:
Downtown Los Angeles (DOLA)and Los Angeles International Airport (LAX).
Hourly insolation data for these two site§ are available for the years
1956 through 1974. Currently, however, no pyrheliometers are being -~ ¢
operated by either the local APCD's or the airports. The two sites at
where insolation was measured are mapped in Figure 2.2.

| Figure 2.2 also shows the locations of sites at which hourly temperature

readings have been recorded. These sites are listed in Table 2.7, along
with the number of readings taken per day and the years for which tempera-
ture data are available. In addition to the stations listed in Tab]e 2.7,
there are numerous other sites, including virtually all of the wind and air
quality monitoring facilities, which record the daiTy maximum and/or minimum
temperature. |

Because of the importance of po]]utant}transporf, the most important
meteorological variables in the present study~are wind speed and direction.
Figure 2.3 is a map of the 24-hour wind velocity stations in Los Angeles
County; Figure 2.4 shows the locations of all wind velocity étations in
the SCAB and SEDAB. The station numbers in Figure 2.4 are those of the
wind stations, not the corresponding air monitoring stations. Table 2.8
summarizes the availability of meteorological data from each wind monitor -
location. Note that the majority of these stations record only wind data,
although several of the airports and air quality monitoring stations

report temperature, visibility, cloud cover, and other data as well.
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Table 2.7 Availability of Hourly Temperature Readings

No. of Hourly
Site (Meteorological Station No.) Readings per Day . Years of Operation

Los Angeles Airport (13 W) | 14 1952 - present
Redondo Beach (12 W) 3 1966 - present
Long Beach (21 W) 14 1952 - present
Burbank Airport (41 W) 14 1952 - present
Ontario (61 W) | 14 1952 - present
Downtown Los Angeles (75 W) 14 1956 - present
Palmdale (89 W) ‘ 14 _ , 1952 - 74

Mt. Wilson (124 W) 3 1960 - present
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Note also that the data are available in punched form or on magnetic tape
from only a few of the sites.

Relative humidity is or has been measured at most sites within Los
Angeles and Orange counties. Unfortunately, humidity data are no longer
collected at the Los Angeles county sites due to the unreliabiTity and -
obsolescence of the instruments.[5] Therefore, humidity data are
available only for the Orange County air monitoring sites, as indicated
in Table 2.8.

Low-Tlevel sodndings have been taken twice per day at Los Angeles
Airport (LAX) aﬁd at E1 Monte Airport (EMT) since mid—1971.‘vuqfortunate1y,
these are the only two sites in the SCAB for which long-term'dailyior twice-
dai]y.inversion data are-availab]e.* To the ‘extent that;théf{ﬁﬁéﬁé?dﬁ:ﬁeight
is nearly uniform with a moderatevwest-to—east gradient, this hay not be
a serious limitation. Also, the surface air témperature at Mt. Baldy and
other high-altitude sites correlates well with the temperature aloft;
these temperatures can be used to estimate the strength of the inversion
1ayer.[6]

‘To summarize, this section has demonstrated that reasonably complete
wind data are available, although mostly in the form of printed sheets
instead of punch cards or magnetic tape. Temperature data are available
at a few locations. ‘RelatiVe humidity data are essentially unavailable
for the recent years of interest (except for Orange County). Solar radiation

and inversion height data are available at only two stations each.

=
“Maximum inversion height" is reported for the downtown Los Angeles
station each day, but this is a computed, not a measured, quantity.
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3.0 SELECTION OF POTENTIAL PRECURSOR AND RECEPTOR AREAS

During the time between the onset of photochemical reactions in the
morning and the attainment of maximal oxidant levels in the afternoon, a
given parcel of air can travel many miles. The hydrocarbons and oxides

of nitrogen released at one location, the "source area," will generate
oxidant at other sites, the "receptors," further downwind. The empirical
modeling analysis will account for the movement of air parcels from source
areas to receptor areas by using wind trajectories constructed from local
wind field data. ‘ |

Naturally, actual source areas and receptor areas vary from day to
day depending upon the local wind field, HoWever, the’daytime wind flow
of the Los Angeles Basin during the June to October smog season is domi~
nated by a single general pattern. The empirical modeling study will con-

centrate on days exhibiting this common wind flow, excluding days with

other patterns. This will allow transpbrt to be included in the study while

maintaining a sufficiently large data base for the statistical analysis.
The :objective of this chapter is to describe the prevailing wind {flow
patterns in the Los Angeles Basin and to identify general soﬁrce/receptor
éreas appropriéte to the most common pattern. Subsequent phases of this
prdject.wi]] select specific dates for the empirical analysis and specific
monftoring sites within the general source/receptor areas. The selection
of dates will be based on daily wind field data, while the selection of
specific sites will be based on both wind field data and tests of which-
sites (or groups of sites) provide the best statistical fit between pre-

cursors and oxidant.
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3.1 PREVAILING WIND PATTERNS

Figures 3.1 through 3.3 illustrate the three most prevalent classes
of streamflow patterns in the Los Angeles Basin, as identified by the
California Air Resources Board.[]] These three patterns, "west," "diurnal
south," and “east," account for more than 75% of the hourly streamflow
patterns observed each year. The west pattern alone accounts for 41% of
all windfiows during the year.

Table 3.1 presents the frequency of occurrence of each type of pat-
tern for the four quarters of the year and at four times of day. Table 3.1
demonstrateé that the west and south flows predominate during daytime
periods (10 AM and 4 PM). This represents the persistent daily sea breeze
in the Los Angeles area. The east flow, which is common at night and on
some winter days, répresents a land breeze or drainage flow of air out of

the basin.

The empirical modeling study will relate afternoon oxidant to early
morning precursors during the smog season. Thus, the transport phenomenon
of most interest is the one which occurs during daylight hours in the third
quarter of the year (July through September). Table 3.1 reveals that the
westerly pattern dominates this time of interest, although a southerly flow
often occurs during the earliest hours of the day. Accordingly, we will
select the source and receptor areas based on the dominant westerly pat-
tern, taking into account a secondary southerly component.

The conclusions of the ARB wind flow summalr'_y[]:l are substantiated by
other studies of both streamlines and wind trajectories (see reference

1ist). For example, Figure 3.4 presents a map of wind streamlines
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Table 3.1. PFercent Occurrence of Air Flow Patterns[]]

SEASON -
TIME OF DAY WEST SOUTH EAST ALL OTHERS
Jan-Mar

4 M 15% 11% 37% 37%
10 AM 17 17 27 40
4 PM 50 24 4 21
10 PM 28 12 24 37
Apr-Jdun

4 AM 35% 15% 37% 12%
10 AM 32 44 2 23
4 PM 68 25 1 6
10 PM 60 30 4 6
Jul-Sept

4 MM 44% 19% 19% 19%
10 AM 43 38 3 18
4 PM 83 13 0 5
10 PM 62 28 5 5
Oct-Dec

4 AM 20y 5 44 29%
10 AM 16 14 26 44
4 PM 47 10 2 42
10 PM 27 3 35

35

This table, based on 1574 and 1975 data, is condensed from Reference 1.
The "all others" category comprises five conditions, including “calm"

and “Santa Ana," identified by the California Air Resources Board.
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identified by researchers in the 1950‘5.[2] Although streamline maps
i1lustrate the travel of many air parcels at one moment in time while tra-
jectories are "moving pictures" of individual air parcels, the two lead
to similar conclusions during periods of stable flow. Other streamline
maps (Figure 3.5)[3]and trajectory studies[4_1o] bear a strong resemblance
to the earlier figures of this chapter.
3.2 SELECTION OF SQURCE AND RECEPTOR SITES

From our anaTysis of the predominant wind flow patterns, it is pos-
sible to identify pairs of monitoring sites such that one site generally
1ies downwind of the other during the typical daytime flow of the smog season.
In many cases, the streamline patterns indicate that two or more source
sites may correspond to a single receptor site, or that a singlie source
site may supply two or more receptors. In these instances we have iden-
tified site "clusters," where a cluster is a group of adjacent sites, all
of which represent a general source or receptor area. In the later phases
of this project, weighted averages of the pollutant concentrations among
the sites of each cluster will be used in the statistical models. The
weighting factors will be selected using a trial-and-error algorithm which
seeks the best fit between measured precursor levels and oxidant levels.

Qut of the hundreds of possible combinations of source/receptor sites
and site clusters, we have selected five source/receptor areas which seem
particularly interesting and useful. Our selection criteria included the
_fol]owing:

1. Three to five years of reliable, nearly comp]ete* hydrocarbon

and NOx data must be available at each source site, with

F 3
Chapter 2 discusses. data completeness criteria, while Chapters 5
and € discuss data quality tests. '
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corresponding reliable and nearly complete oxidant data available
at each receptor site.

2. The source site(s) must Tie upwind of the receptor site(s) when
the wind follows the predominant daytime pattern of the photo-
chemical smog season (roughly defined as June through October).

3. A variety of transport distances (and associated times of a max-
jmum oxidant occurrence) should be represented among the selected
source/receptor pairs.

Based on the above criteria, we have tentatively selected five pairs

of source and receptor areas. These are illustrated. in Figures 3.6 through

3.10 and are briefly discussed below:

1. SOURCE: Downtown Los Angeles (DOLA)
RECEPTOR: DOLA
In this case, the same site will be used as both source and receptor.
The analysis will be restricted to days with unusually light, variable
winds (3 mph or less). On such days, it will be assumed that 1ittle trans-
port occurs, and that the oxidant at DOLA at around 11 to 12 AM resu]ts'
. from reactions of the morning precufsors measured at DOLA. (See Figure 3.6.)
2. SOURCE: DOLA
RECEPTORS: Burbank, Pasadena, and DOLA
When the prevailing westerly wind pattern occurs, air from DOLA moves
along two diverging trajectories, one northward toward Burbank, the other
northeast to Pasadena. In this case, the ea%]y morning hydrocarbon and
NOx Jevels at DOLA should correlate with the 11 AM to 1 PM oxidant concen-

trations at Burbank and Pasadena. This case representé the short-range
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transport of polluted air between adjacent areas of the Los Angeles Basin.
When wihds are light, DOLA might also be used as a receptor site in this
analysis. (See Figure 3.7.)

3. SOURCES: DOLA and Whittier

RECEPTORS: Pomona, Azusa, and Pasadena

This is a medium—rahge transport study, again to be conducted for
days during which the normal westerly wind pattern is present. Because
of the greater distances involved here, it takes longer for the precursor-
laden air from the source sites to reach the receptors; hence we anticipate
that the morning precursor levels at the sources will correlate best with
the 1 to 4 PM oxidant levels at the receptors. Because of -the particularly
high afternoon oxidant concentrations occufring in this receptor areé, this
case is one of the most important in the study. (See Figure 3.8.)

4, SOQURCES: Whittier and Anaheim

RECEPTORS: San Bernardino, Riverside, and Redliands

The typical trajectory reaching these sites is a more southerly one
which does not pass through the Los Angeles central business district. Be-
cause of the great distance between sources and receptors in this case, the
morning precursor levels should corre]ate best with a late afternoon (3 to
6 PM) oxidant peak. Because of the large horizontal and vertical diffusion
which can occur over a 50-mile trajectory, it is anticipated that the corre-
lations found in this portion of the study may be somewhat weaker than those

of the earlier parts. (See Figure 3.9.)
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5. SOURCES: Pomona, Whittier, Anaheim, DOLA, Azusa, Pasadena,
and San Bernardino

RECEPTORS: Banning and Palm Springs

These sites will be used to correlate the 0vera11~morﬁing hydrocarbon
and NOx levels of the central-scuthern Los Angeles Basin against the
evening oxidant levels in the inland desert region (the Coachella Valley).
Because of the Tong transport distances involved, we have selected an
expansive source region to ensure that the actual source area is repre-
sented. Our preliminary statistical analyses may lead to a reduction in
the‘number of source sites. This ana]ysis will be reétricted to days with
reasonably steady westerly wind patterns tthughout the afternoon hours,
with a northwesterly flow into the Coachella Valley. In spite of the size
of the source area and the carefully restrﬁcted set of days to be used in
the study, it still may be that precursors from unrepresented source areas,
such as southern Orange County and San Diego County, contribute to the oxi-

dant in Palm Springs, thereby interfering with the analysis. (See Figure 3.10.)

Several stations which would have been desirable sources or receptors were

omitted from the above list for various reasons, including lack of sufficient

data. Many potential source sites had little or no hydrocarbon data. The
Lennox station, which Ties near the coast and which would have.made an in-
teresting source site, is separated from Los Angeles and other’potential
receptors by 0il recovery activities, refining operations, industrial sources,

and heavy traffic areas. It was thought that the precursor measurements at

Lennox might be unrepresentative of the major source area immediately
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inland (downwind) from it, and would therefore be unrepresentative of the
precursor concentrations associated with the oxidant measured at the recep-
tor sites.

Table 3.2 summarizes the selected source and receptor sites, the dis-
tances between them, and the general wind flow patterns to be used. It
should be noted that the above selections are tentative, pending review
and suggestions by the ARB and EPA project officers. Specific data avail-
ability problems or other unforeseen circumstances may also force changes

in the site selections during later phases of the project.
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4.0 REVIEW OF MONITORING METHODS

In assessing the quality of air pollution data, ft is important to
understand the monitoring techniqués which provide the data and the
lTimitations of those techniques. This chapter provides a review of moni-
toring methods for the pollutants of interest in the empirical modeling
. study. Section 4.1 describes the monitoring methods in general and dis-
cusses interferences, calibration problems, and other sources of error.
Section 4.2 summarizes the explicit monitoring practices followed in the
South Coast Air Basin. The chapter conc]udes.with a note on potential

problems in collecting meteorological data.

4.1 REVIEW OF AIR QUALITY MEASUREMENT METHODS

This section describes several of the analytical methods commonly used
to measure ambfent concentrations of three groups of aif poliutants: 1)
total hydrocarbons (HC), methane (CH4), and nonmethane hydrocarbons (NMHC);
2) nitric oxide (NO), nitrogen dioxide (NOZ), and total oxides of nitrogen
(NOX); and 3) ozohe (03) and total oxidant (0OX). The main objective is to
.point out some of the differences among monitoring methods and to describe
the major interferences and error sources associated with each monitoring
method. |

4.1.1 Hydrocarbon, Methane, and Nonmethane Hydrocarbon Monitors

Flame ionization detection is used almost universally for HC measufe-
ments in the South Coast Air Basin. The basic apparatus consists of a

burner, a hydrogen gas (Ho) source, a 100 volt D.C. power supply, and a
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set of electrodes with an ammeter. When the sample gas is introduced with
the H, into the burner, the volatile hydrocarbons present in the sample
undergo chemi-icnization and give off carbon ions, which are attracted to

[

the positive electrode near the burner The current flow between the
electrodes is approximately proportional to the concentration of carbon
ions present in the flame and is therefore roughly proportional to the
carbon atom concehtration present in the original sample. Thus, the flame
jonization detector gives HC concentrations in terms of carbon atom |
concentration. .

The advantages of f]ame_ionizatidn detection of hydfocarbons are:
1) water and other inorganic compounds cause very little interference with
the meésurements process; 2) virtually all hydrocarbons except formic acid
can be detected; 3) the apparatus is considered inexpensive and re]iable;[T]
and 4) the apparatus is sensitive to small concentrations of hydrocarbons
and gives Tlinear response over a 106—f01d range of carbon concentrations.Ez]
The most important disadvantage is the dependence of the reading on the flow
rate of the sample; unless uniform flow is maintained, results are not re-
producible. Another disadvantage is that the instrument's response to
carbon atoms in small hydrocarbons is somewhat higher than that to large-
molacule carbon atoms. Thus, instrument response to 2 ppm of‘C]Q hydro-
carbons will be Tower than tﬁe response to 4 ppm of C5 hydrocarbons, even
though the carbon atom concentration is the same in both cases. While this

doesn't necessarily affect the reproducibility of the results, it does cast

doubt on the validity of the measurements, i.e., it indicates that the output
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is directly proportional to the number of carbon atoms in the sample only
if the relative concentrations of various hydrocarbon specieé are held
constant.

One recent EPA-sponsored study concluded that the reproducibility of
FID hydrocarbon readings is within ! 10%, while the absolute accuracy is
about 85%.[1] FID instruments tend to work reasonably well, but do give
occasional unaccountably poor readings.[]] Frequent recalibration of the
instruments is critical, due to the span drift that can occur over periods
of a few days.

Since flame ionization gives total hydrocarbon concentrations only,
it is necessary to add other equipment to determine CH4 and NMHC levels.
The most commonly used modificatfon is the addition of a ga§ chromatograph
stripper column, which removes water, COZ’ and large hydrocarbons from the
sample and which separates CHy from the other hydrocarbons in the sample
(see Figure 4.1). The principle of operation is simple: h&drocarbons
tend to move through the stripper column at rates ihverse1y proportional
to their boiling points.[3] Methane, being the lightest and most volatile
hydrocarbon, travels through the silicon gel or other column packing
material much faster than the heavier hydroéérbons and reaches the flame
jonization detector first. The methane concentration can then be sub-
tracted from the total hydrocarbon level to yield the NMHC concentration
of the sample.

The primary disadvantage of the gas chromatographic technique 1is the

high level of operator skill required and the relatively high complexity
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and cost of the instrument. The analytical conditions must sometimes be
readjusted repeatedly until good separation results are obtained,[3] and
temperature control and calibration must be carefully watched.[4] The
method is at best a semicontinuous one, since the CH4 from the sample
requires 2 to 4 minutes to travel through the glass separator column.
However, at the present time, gas chromatography is the only commercially
available method capable of reliably determining NMHC concentrations.

It is possibie to measure CHy concentrations by FID without the use
of a GC, by using a methane-saturated activated carbon column to absorb
all NMHC from the sample gas. This technique, which is used by most
stations within Los Angeles county, has two significant error sources
associated with it. First, the activated carbon column absorbs certain
hydrocarbons more completely than others. Second, the solvent used for
the extraction of hydrocarbon; from the column is itself a hydrocarbon,
which can interfere with the FID readings.[3] The temperature of tﬁe ab-
sorber column must be rigid]y'contro]1éd, since the methane saturation
level of the activated carbon changes with temperature. Any change in
temperature can therefore result in the absorption or release of CH4 by
the column, which could interfere with the FID reading. The service 1ife-
time of the carbon in the column is short; it can be 1engthened by the
use of a larger column, but this slows fhe résponse time and gives higher
temperature-induced errors in the readings.

The response of a flame ionization detector to a given sample of

mixed hydrocarbons will be higher if the detector is used with a gas
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chromatographic separator column. Thus, total hydrocarbon readings are
actually somewhat lower than the actual ambient concentrations, and NMHC
readings, as total hydrocarbons less methane, also tend to-be 1ow.[5]

The principal alternative to flame ionization detection, nondispersive
infrared detection (NDIR) provides results which do not directly correlate
with those of the FID. Infrared response of a carbon compound'depends on
its molecular geometry, rather than directly on its number of carbon atoms.
Also, the method is highly sensitive to the interfekence of water vapor
and relatively insensitive to several important air po11ution hydrocarbons.

One source of error in FID or NDIR hydrpcarbon measurement is the ab-
sorption of polar hydrocarbons from the sample gas inte the surface of plastic
sample bags. Glass, being relatively inemt, is a good alternative to plastic;
among plastics, Tedlar is a good choice.[3’4] Two other error sources in
hydrocarbon measurement are leakage and contamination of the pump used in
the Samp1ing apparatus. These errors are avoided by the use of a vaeuum

pump downstream of the sampler, instead of a pressure pump upstream of
i, 150 | |

One of the most critical studies of hydrocarbon measurement techniques
was made by Scott Environmental Technology.[7] One of fhe major conclusions
of this nationwide study was that "inaccuracies in current data make it
impossible to determine whether ambient air quality is in compliance with
the standards." Major error sources were found to be: 1) operator error
(deviation from standard procedures); 2) contaminated span gases used in
calibrations; 3) span gas diluted with gases other than air;‘4) span gas
improperly checked for methane; 5) contamination-caused zero errors; and 6)

instrument zero and span drift. Sixteen different instruments from 5



4-7

different manufacturers were represented in this study, in which bottles
containing known concentrations of severa]lhydrocarbons were given to
various monitoring agencies for analysis. The sample flow rate was found

to be critical to hydrocarbon and NMHC measurements. The means and medians
of the warious. test measurements corresponded well with the actan prepared
concentrations, but the respective standard deviations of values were nearly'
100% of the means.. Zeroing errors abounded, with 7 of the 16 sampling
stations recording hydrocarbon values of over .5 ppm .for hydrocarbon-free
gas. The study recommended that zeroing gas be used for instrument zeroing,
in contrast to the manufacturer's instructions, which claim that the equp-
ment's automatic zeroing and catalytic puriffer permit ieroing-with air.

Span errors of 10% were commonly encountered in the study, which implies
that 10% measurement errors are not uncommon. Since total hydrocarbons and
CH4 are spanned sepafate]y,.NMHC readings have esbecia11y high variability.
For example, if a given CH4 span is high and the corresponding total hydro-
carbon span is low, the NMHC, which is the difference between them, will be
far lTower than it should be.

A major finding of the Scott labs study is that the percent measure-
ment error at low hydrocarbon concentrations greatly exceeds that at high
concentrations. For example, 50% of the sites tested reported ﬁigh hydro-
carbon levels witﬁin 10% of the correct values, but only 30% were within
20% of the correct low hydrocarbon levels.

The Scott report's major recommendation was that all hydrocarbon moni-
toring stations periodically be presented with known-concentration samples
for analysis. The results of such a éﬁudy could then be used in quality

control.



The Scott report indicates that the HC data available are probably
less accurate than Federal performance standards require. In contrast

to the monitor performance noted above, the Federal Government's per-

formance standards for NMHC monitors are:tg]
sensitivity threshold .1 ppm
zero drift .2 ppm
span drift 5%
lag time 10 min
noise. ) .05}ppm
maximum interference .2 ppm (total intgrference)

Were these standards met, there would be 1ittle doubt about the adequacy
of the data for the empirical study. Howéver, the Scott study points out
the need for a quality check of all HC data to bé used jn the empiricai
analysis. This is one subject of Chapters 5 and 6.

4.1.2 Oxides of Nitrogen, NO, and NO, Monitors

NO, NO,, and NO, measﬁrement in the SCAB and SEDAB is almost universally
by the modified Sa]tzman colorimetric technique. In this procedure, the air
sample is mixed with the Saltzman reagent, which consists of sulfanilamide
in acetic acid. The sulfanilamide, N-(]—népthy1)Jethy]ene—diamine dihdro-
chloride, reacts with the NO, present in the air sample to form a red azo
dye, which absorbs 1ight at approximately .55 u wave]ength.[S’gj Theore-
tically, the color intensity of the resultant dye is proportional to the
original'NOZ concentration of the air sample. The .55 u Tight absorbance
of the solution is then measured on a colorimeter, whose meter reading is:
proportional to the logarithm of the dye concentration, and therefore pro-

portional to the logarithm of the NO2 concentration of the air as well.
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The Saltzman technique measures only NO2 levels, buf can be modified
to measure NO and NOX as well. Two Sa]tzmén technique modifications are
prevalent in the SCAB and SEDAB. In the first, the sample air flow is
split and introduced into two Sa]timan mixing chambers. The air is fed
directly into one chamber, where tﬁe NO2 concentration of the sample is
determined. The air going to the second chamber is first passed through
an acid potassium permanganate bubbler, which converts the NO in the air
to N02, whose concentration is then measured in the second mixing chamber.
Assuming that all of the NO is converted to NOZ’ the reading in the second
chamber is the NOx level (NO + NOZ) of the ambient air, while the reading
in the first chamber is the NO, level (see Figure 4.2). In the second, the -
sampie air flow passes through one chamber, where the NO2 level is measured
in the usual manner. Next, thg air leaves this chamber and passes through
an acid potassium permanganate bubbler where the NO is converted to NOZ'
The air then enters the detector, where the NOzléoncentratioﬁ, which is
theoretically equal to the original NO concentration, is measured (see
Figure 4.3). NOx is then the sum of the NO and NOZ readingsﬂ It should be
noted that the use of this method assumes that all of the NO2 originally
present in the air is consumed by the reagenf in the first chamber, and
that all of the NO is converted to NO2 before the sémp]e is introduced to
the second chamber. In practice, the NO-to;NO2 conversion efficiency is
about 95%.L10]

Two calibration techniques, static and dynamic, are used with colori-
metric NOZ anaiyzers. In the static method, sodium nitrite is mixed with
the Saltzman reagent to produce the dye, and the rela;ionship between

sodium nitrite concentration and color intensity is noted. The major
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difficulty with this technique is that it cannot be directly related to
the measurement of airborne NO,, because the reaction efficiencies of NO,
gas and sodium nitrfte N02 differ. Virtually all of the N02 in NaNO,
reacts with the Saltzman reagent to form the dye, but only approximately
72% of the NO2 gas in the sample reacts in this manner.[]OJ If this
"Saltzman factor” of 72% were universal among Saltzman instruments, there
would be no problem. However, every instrument has its own Saltzman factor,
which can be anything from 70% to 90%.[]0] If static calibration is used,
instruments with different Saltzman factors will give different resuits.
Fortunately, a given instrument's Saltzman factor is consistent over time.
Therefore, as long as an instrument is kept in calibration by the static
method, all readings taken by it should be consistent with one another.

A better, much more expensive calibration method is dynamic ca]fbration
with a gas sample containing known concentrations of NO? and NO. This form
of calibration tests the entire sampling system, not just thé colorimeter,
and does not require a Saltzman factor correction.

Because instrument calibration is heavily dependent on the flow rates
of the sample gas and the reagent, it is essential that the instrument
operator regulate flow rates critically. Another potential error source
is the absorption of color by substances other than the NOé—geheréfed azo
dye, causing excessively high concentration readings. Conversely, the
N02 readings obtained in particulate-laden air can be somewhat low because
NO2 tends to adhere to particulates, which are removed by the sampler's
filter. The adherence of NO to particulates is not believed to be

L11]

significant.
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The accuracy of the Saltzman technique is normally about I 3%,[]1]
but a few minor chemical interferences are documented or suspected. The
most serious of these is 502 interference. For example, 15 ppm 502 can.
cause an 8% drop in a 100 ppm NO2 level. Another error source is absorption
or desbrption of NO2 on the walls of the tank in which the sample is col-
lected. To reduce this error, a flow system should be preconditioned for
a few weeks prior to use. One can do this by exposing the system to NOZ
concentrations comparable to the ambient levels. 0zone can also introduce
some error in NO2 measurements.[ 9] Daily zeroing and weekly recalibratién
of the instruments is recommended, as is frequent cleaning to remove solid
deposits which can cause air flow obstruction.c %] Since Saltzman factor
of any given instrument varieé less than .05 over time;[]OJ static réca]i—
bration is probably sufficient, as long as the initial calibration is dynamic.

4.1.3 Oxidant/Ozone Monitors

Strongly oxidizing compounds present in the air embrittle rubber, cause
eye and respiratory irritation, and are believed to be detrimental to health.

Chief among the oxidants is ozone, 0,. Oxidant (0X) data analysis is
3

complicated by the fact that some stations measure 0, concentration, while
others measure 0X. As this section will demonstrate, 03 and 0X readings,
while usually similar for a giveh sample of air, are not strictly equivalent.
Thus, before the empirical analysis, total oxidant readings will be converted
to approximate equivalent ozone concentrations using a formula presented
below.

In the SCAB and SEDAB, total OX‘measurement is made using the potassium

jodide (KI) method, in which the oxidizing agents in the air interact with



the KI to release free iodine, i.e., the iodine is oxidiied from its
coloriess ionic form in the KI sclution, IQ, to the neutral form, 12.
Since the 12 is strongiy colored and the amcunt of 12 released is pro-
portional to the net oxidizing strength of the original air sample, the
0X concentration of the ambient air can be determined from the degree of
color (1ight absorbance) of the KI solution.

Strongly oxidizing compounds, like 03, promote the release of free
jodine from KI, while reducing compounds, such as 302, inhibit this reaction.
The net KI to 12 reaction depends primarily on the relative concentrations
of 03, NOZ’ and SO2 because other strong oxidizing and reducing compounds
occur at far lower concentrations in the ambient air. Because of this,
one can estimate the O3 concentration present in the air from the oxidant,
N02’ and 502 ]evels. The empirically verified correction equation is:
ozone = oxidant - .2(N02) + SOZ, where oxidant, NOZ, and SO2 are the
respective measured levels of these pollutants in ppm or other molar con-
centration units.[]zl The coefficient of the NO, concentration is somewhat
sensitive to the strength of KI solution used in the analytical process;

.2 is appropriate for 10% KI soluation, while .3 should be used for 20%

KI. In the empirical analysis, the abdve expression will be used to change
all 0X data into equivalent 05 estimates, while O, readings will be left
unchanged. (Some monitoring stations outside of SCAB and SEDAB use CrO3
scrubbers to remove 802 from the sample air. While this does eliminate

the S0, interference in oxidant readings, it also converts NO to NO,,
thereby introducing NO interference. Since the Los Angeles area stations

do not use scrubbers, NO correction is inappropriate.)
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" Although the California Air Resources Board and the Los Angeles APCD
use the same total oxidant measurement techniques, they calibrate their
fnstruments by different methods. The APCD calibrates its ozone generator
with an unbuffered 2% KI so]dtion.[13] Then the ozone generator is used
to create an oxidant sample of known concentration, which is used to
calibrate the OX meter. In contrast, the ARB used neutral buffered KI
(NBKI) to calibrate the ozonator. Although this calibration procedure
is more precise, or repeatable, than the APCD methdd, it is also apﬁarently
less accurate, i.e., instruments calibrated by the ARB method consistently
read high by 20%. To resolve this inconsfstéhcy {n the SCAB cxidant data
base, the ARB took the fo]]owing steps:

1) A1l oxidant data other than that collected by LA APCD were multiplied
by an .8 correction factor, to bring thém into approximate conformity with
the LA APCD results;

2) by June, 1975, all non-Los Ange1e§ stations were required to con-
vert from NBKI calibration to calibration by portable UV photometer (e.g.,
the Dasibi instrument).

Stations using chemiluminescent or UV ozone monitors but calibrating
their ozone generators by NBKI have likewise switched to UV calibration.
For example, the stations of the San Bernardino APCD use gas phase chemi-
luminescent ozone photometers, which measure the light given off by the
reaction of ozone with ethylene. This detéction method is believed to be

ozone-specific and reasonably accurate. The data obtained by this method



4-16

should be comparable to the Los Angeles APCD oxidant data, if the latter
are corrected for NO2 and S0, interference. Chemiluminescent monitors
are calibrated using ozone generators, which in turn-were formerly cali-
brated by the NBKI method. Since June 1975, these ozone generators have
been calibrated by UV photometry, and the ARB has multiplied all earlier
ozone data by .8 to compensate for the former NBKI cé]ibration,

With the appropriate correction factors applied, SCAB and SEDAB
oxidant/ozone data are probably reasonably accurate and internally con-
sistent. There is no reason to believe that 03/0X measurement accuracy

will seriously interfere with the proposed statistical analysis.

4.2 SPECIFIC PRACTICES OF THE MONITORING AGENCIES

S

As the preceding djscussion-indicaiéézlfﬁéfécturacy of the ambient
air measurements made by a given agency.depends heavily upon the measure-
ment procedures it follows. Fortunaté]y, the SCAB APCD}s are among the
most experienced and conscientious in the nation, as is evidenced by their
relatively high scores in earlier data quality tests.{14] The SCAPCD's
monitoring procedures will be discussed in this section, while the statis-
tically estimated accuracy of their measurements is the subject of Chapters
5 and 6.

NOX, NO, and NO2 measurement in the SCAB, as previously noted, is by
the Saltzman colorimetric method. The major difference among agencies
is that Los Angeles and Riverside counties measure NO and NO, concen-
trations, adding these to determine NOX, while Orange and San Bernardino

counties measure NO, and NO,, reporting the difference as NO. The latter
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method may be slightly preferable for the present study,.in which NOX and
NO2 are of greatest interest. However, since NO/NOZ/NOX measurements are
generally within 10% of the true values, this is not believed to be a
serious limitaticn.

| Several different oxidant/ozone measurement techniques are used in
the SCAB. The reproducibility of data from stations using UV photometric
calibration is higher than that from stations using unbuffered KI cali-
bration (e.g., the Los Angeles APCD).[15] However, as Chapter 6 indicates,
the oxidant data among SCAB monitoring sites correlate well.

The greatest inter-site measurement disparitiés are expected to be
among hydrocarbon monitors, particularly among NMHC monitors. Two sites
use gas chromatographic separation of hydrocarbons, while the others use
the methane-saturated activated carbon filter for methane isolation. The
gas chromatograph flame ionizafion detector (GC/FID) is potentially a more
accurate device than the activated carbon flame ionization detector, but
is significantly more difficult to use properly. Since gas chromatograph
results are highly sensitive to the manner in which the instrument is
operated, and since the activated carbon columns give rise to-very

temperature-sensftive readings, THC data rather than NMHC data may be used
in the empifica] ahé1ysis, in spite of the fact that NMHC is a better
representation of the smog-forming potential of the air than is THC. FID,
the HC measurement method used by all SCAB sites, is capable of providing
very reproducible results as long as basic calibration and operation

methods are observed. Because FID is a relatively simple technique, it




should be less sensitive to procedural variations than some of the other

monitoring methods.

4.3 POTENTIAL PROBLEMS IN THE COLLECTION OF METEOROLOGICAL DATA

It is anticipated that the air quality data will provide more error
sources and potential probiems than will the heteoro]ogica] data, since
the latter generally are obtained from simpler, more reliable instruments.
However, there are a few potential problems involved in the collection and
use of meteorological data, and these are the subject of this section.

Because of the documented unreliability of the Los Angeles and Riverside
County instruments,[]6] it is probable that relative humidity data should
not be used in the empirical modeling. Humidity does affect the rates of
formation and decay of several pollutants énd would therefore'normaIiy be
included in the study. In this case, howevef, it seems preferable to omit
the humidity data rather than to introduce an unknown error by using if.

Solar radiation data are available only'into 1974, and for only two
sites, Los Angeles Airport, and downtdwn Los Angeles. The intensity of
solar radiation is correlated with the rates of the various photochemical
reactions that convert raw exhaust to photochemical oxidants and would
therefore normally be included in the empirical analysis. However, 1974
and 1975, the years for which the most complete air quality data are
available, are also the years for which solar radiation data are unavailable.
Thus, solar radiation may be omitted from some parts of the study.

Wind speed and direction data are widely available throughout the SCAB

and SEDAB, particularly within Los Angeles County. The major caveat to the
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user of these data is that within the SEDAB and SCAB at least three
different systems of measuring wind velocity are used. The.three main
systems are: 1) The average wind speed and direction is taken for two
minutes each hour; then the average wind velocity between.2:59 and 3:01;
for example, is reported as the hourly wind speed for 3:00. 2) The average
wind speed and direction is taken from 30 minutes before the hdur to thirty
minutes after the Hour. This is a true hourly average wind_veiocity, un-
like the above 2-minute average. Under this system, the 3:00 hourly
average wind velocity is the average of a]] data from 2:30 to 3:30.
3) At Los Angeles APCD headquarters in downtown Los Angeles, a third
system is used for historical reasons. Under this system, the hourly
average wind direction is the moét frequently otcurring wind direction
during the given houf, while the hourly average wind speed is the total
number of miles of wind passing through the station during'that hour. This
would be nearly consistent with 2) above, except that the reported 3:00
wind speed is actually the average wind speed for the interval 3:00 to 4:00.
In order to minimize errors introduced by the problems mentioned above,
the empirical modeling study will use the reported wind speed and direction
for all stations except downtown Los Angeles. At downtown Los Angeles, the
3:00 average wind speed will be computed as the average of the 2:00 and -
3:00 reported values, which is actually the 2-hoﬁr average from 2:00 to
4:00. Except on days with either gusty or extremely light winds, wind
speed and direction change only slowly during the day. Therefore, the

mixing of hourly average and two-minute average wind data should introduce
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no major errors, although ideally only the true hourly averages should be
used. SCAB area stations reporting true hourly average wind data are
indicated by an asterisk in Table 2.9. Those without an asterisk use

the 2-minute average. As new ronitors are established,.these afe almost
exclusively of the automatic recording fype and are set up for hourly
average recording.

Hourly temperature data are instantaneous once-per-hour readings
which aré presumed to reflect the respective hourly average temperatures
at each site. Since temperatures generally fluctuate slowly during the
day and since photochemical smog reactions are not highly sensitive to
slight temperature variations, the use of instantaneous instead of true

hourly average values should represent only a minor error source.
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5.0 DATA VERIFICATION AGAINST SPECIAL MONITORING PROJECTS

The most direct way of assessing the quality of routine air monitoring
data is to compare the routine data to measurements made at the same 1ocations.
during special monitoring projects. The Air Resources Board Mobile Air
Quality Monitoring Program (Mobile Van Program) provides some data sets that
are ideal for this comparison. One of the purposes of the Mobile Van Program
is to "conduct parallel monitoring adjacent to fixed stations to ensure
comparability of measurements."[]] In addition to the mobile van program,
the ARB E1 Monte Laboratory has performed‘a éeries of.specia1 ﬁ&drocarbbn
field tests. This chapter will use the data from these ARB programs to in-
Ve;tigate the quality of routine monitoring data.

5.1 ARB MOBILE VAN PROGRAM

As part of the Mobile-Air Quality qutoring Program, the ARB put into
service four mobile monitoring vans in 1973.[]] These vans are equipped with
the latest generation of monitoring equipment tolmeasure eight pollutant var-
jables as well as wind speed, wind direction, and temperature. One of the
purposes of the Mobile Van Program is to assist in the ARB's Air Monitofing
Quality Assurance Program. Accordingly, the mobile Vans have been used to
conduct parallel measurements adjacent to fixed monitoring stations.

To date, the ARB staff has conducted statistical analyses of parallel

monitoring data for seven sites* in the SCAB and one site** in the SEDAB.[Z]

* ) .
Azusa, Downtown L.A., Pasadena, Pomona, Anaheim, La Habra, and Rubidoux.

k% .
Banning



A1l of these statistical analyses involve field tests performed in 1975.
The ARB analyses, based on daily maximum one-hour concentrations, include
correlation coefficients, regression coefficients, and ratios of means.
Tables 5.1 and 5.2 summarize the correlation coefficients and ratios of
means for the three pollutants of interest in the present study: oxidant/
ozone, total nitrogen oxides, and hydrocarbons. For comparison purposes,
results are also included for nitrogen dioxide and carbon monoxide.

As indicated at the top of Tables 5.1 and 5.2, the ARB monitoriﬁg methods
are different than the APCD monitoring methods for each of the five pollutants
(see Chapter 4 -for a discussion of mefhods). The ARB vans are equipped with
relatively new instruments, while most APCD stations have retained older tech-
niques in order to maintain continuity in the data record. Thus, a complete
correspondence cannot be expected between the ARB and APCD data sets.

Since the empirical modeling study will be based on daily fluctuations
of oxidant and precursors, the data qua]ity statistic of most interest is the
correfation coefficient (R) which indicates the agreemenf between relative
variations in measured concentrations. Table 5.1 demonstrates that the
oxidant/ozone data appear to be of especially high quality with respect to
relative variations. Six of the eight oxidant/ozone tests yield correlations
of .96 or higher. The high correlations for oxidant/ozone are due to the

precision of the monitoring techniques (see Chapter 4) as well as to the
relative insensitivity of a secondary pollutant to monitor locatioh (see

Table 5.3 for the distances between each pair of probes).
The correlations between the ARB and APCD NO, measurements are good,

though not as high‘as the oxidant/ozone correlations. The NOx correlations
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Table 5.3 Distances Between Corfeﬁponding APCD and
ARB Monitoring Probesl2

STATIONS AND PROBE HEIGHTS APPROXIMATE HORIZONTAL
- DATES DISTANCE BETWEEN PROBES
APCD ARB
LOS ANGELES COUNTY
. Azusa
(7/9/75-8/12/75) 8 ft. 30 ft. 25 ft.
Downtown L.A.
(10/8/75-11/18/75) 75 ft. 100 ft. . | 90 ft.
Pasadena .
(6/17/75—7/9/75) 18 ft. 30 ft. 1.2 miles
Pomona ' v _ _ )
(7/10/75-8/12/75) 21 ft. 30 ft. - 0.5 miles
. ORANGE COUNTY
Anaheinm
(8/8/75-9/16/75) 15 ft. 30 ft. 25 ft.
La Habra . :
(8/5/75-9/18/75) 15 ft. 30 ft. ‘ 1000 ft.
RIVERSIDE COUNTY
Rubidoux
(10/1/75-11/19/75) 20 ft. 30 ft. 50 ft.
Banning '

(10/13/75-11/19/75) 30 ft. 30 ft. ' 25 ft.




in Table 5.1 range from .79 to .97 and average .88 among the sites. The
lower correlations for NOX compared to oxidant may be due to any of three
factors: (1) Tlesser precision in the NOX monitoring methods, (2) inter-
ference of S0, with the colorimetric NOx method, and (3) sensitivity of a
primary pollutant measurement to probe location. The Tast of these three
factors may play an especially important role in the low correlations at
Pomona and La Habra, .79 and .76, respectively. Table 5.3 indicates that

the distances betwéen probes are quite high in these two cases. If the.low
correlations for Pomona and La Habra could indeed be attributed to probe loca-
tion, then the quality of the NOX monitors might be neariy as high.as for the
oxidant/czone monitors.

dut of all five pollutants listed in Table 5.1, the lowest correlation
occurs in the case of hydrocarbons. Although Downtown L.A. and Azusa yield
THC correiations of .93 and .90, all of the other sites produce correlations
less than .80. The average correlation among the sites is only .69. As
noted in Chapter 4, doubts have been raised with respect to the precision
of hydrocarbon measurements; the low correlations probably reflect poorer
data quality for hydrocarbons than for the other pollutants. Some of the
discrepancies may also be due to probe location, particularly in the case
of Pasadena (R = .47), where the probes were separated by 1.2 miles.

Since hydrocarbons are primary peliutants, hydrocarbon concentrations are
expected to be sensitive to monitor position.

To provide the reader with a feeling for the data scatter associated
with various degrees of correlation, Figures 5.1 to 5,3'present examp]e;-of
scatterplots prepared by the ARB staff. These examples illustrate the amount
of data scattef for correlations of .97, .86, and ,76, respective]y. Ex-

amples of lower correlaticons can be found in Sectien 5.2.
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Table 5.2 summarizes the absolute agreement between the.APCD and ARB
measurements with respect to average pollutant levels. Although absolute
accuracy is not as important as relative accuracy (i.e., precision in re-
cording fluctuations) in the empirical modeling analysis, Table 5.2 deserves
some discussicn. Table 5.2 indicates that the APCD KI oxidant readings
tend to be lower, on the average, than the ARB UV photometry ozone readings.
Much of this discrepancy may be due to the negative 302 interference (see
Chapter 4). The KI oxidant data used in the empirical modeling study will
be corrected for SO2 and NO2 interference. The APCD colorimetric NOx (and
N02) measurements tend to be Tower than the ARB chemiluminescent measurements.
A negative 302 interference may be a partial cause for the differences in the

NOX (and NOZ) recordings. It is notable that the Los Angeles and Orange

County APCD hydrocarbon data are lower fhan]the ARB measurements, while thé'”i”"x

Riverside APCD hydrocarbon data are higher than the ARB measurements. The
differences might be attributable to instrument calibration._
5.2 ARB HYDROCARBON FIELD EXPERIMENTS.

Because of questions raised in Chapter 4 and Section 5.1 concerning the
quality of hydrocarbon measurements, it is desirable to conduct further checks
on the hydrocarbon data. Hydrocarbon field experiments performed by the Air
Resources Board supply data for these additional quality checks. During
several months of each year since 1966, the Air Resources Board E1 Monte
Laboratory has conducted hydrocarbon field tests at various locations in
the South Coast Air Basin. The purpose of the ARB experiments is to provide

information on ambient hydrocarbon composition, data on ambient hydrocarbon
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trends, information on the spatial distribution of hydrocarbons, and data
for source reconciliation studies.[3’4’5’6’7’8’9] Some of these field tests
are conducted adjacent to existing APCD monitoring stationé. This section
uses ARB field data taken in 1971 and 1974 to conduct data quality checks

for two APCD monitoring sites.

The ARB hydrocarbon field experiments of 1971 and 1974 involved daily
measurements at several locations in the SCAB.[3’7:| Two of these locations,
Downtown Los Angeles and Azusa, were adjacent to APCD monitoring stations.
The 1971 tests included measurements from 8:00-10:00 A.M. (PDT), while the
1974 tests included measurements from 6:00-9;00 AM. (PDT). In order to
conduct a data quality analysis for APCD recordings, corresponding measure-
mehts were retrieved from APCD tapes preseht]y in TSC's data base.

The 1974 ARB experiments involved nonmethane hydroqarbons through CiO‘
Since these measurements typically represent only about 85% of all NMHC,[]O]
they will be denoted by NMHC'. As a check on the APCD data, the APCD THC
and NMHC recordings were plotted against the ARB NMHC' recordings, and simple
Tinear correlation/regression analyses were performed. The results are.pre-
sented in Figures 5.4 and 5.5 and are summarized in Table 5.4. Two main con-
clusions stand out: (1) the 1974 Downtown Los Angeles data (R = .95 and ;81)
are of much better quality than the Azusa data (R = .68 and .49),* and (2) APCD .
THC measurements (R = ,95 and .68) are more indicative of NMHC ' variations than

are APCD NMHC measurements (R = .81 and .49).

x . .
Note that the Mobile Van Tests (Table 5.1) indicated that Downtown
Los Angeles was slightly better than Azusa in 1975.
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Table 5.4 Correlation Coefficients of APCD Hydrocarbon
Data with ARB Field Data, 1974 -

APCD APCD
. THC NMHC
Downtown Los Angeles
ARB NMHC' .95 .81
Azusa
ARB NMHC' .68 .49

The 1971 ARB field tests measured methane and nonmethané hydrocarbons
(through C11). As in the case of the 1974 tests, the ARB nonmethane hydro-
carbon readings represent only about 85% of all NMHC.[1O] Thus, they will
be denoted by NMHC'. THC' will be defined- as methane p]us-NMHC‘. In the
data quality check, APCD THC recordings were compared to THC' and NMHC',
while APCD NMHC recordings were compared to NMHC'. Figures 5.6 and 5.7 pre-
sent the results, while Table 5.5 summarizes the corre]atién coefficients.
In 1971, the APCD Azusa data are about the same quality as the Downtown Los
Angeles data. The THC measurements are of better quality than the NMHC
measurements, and THC data give about as good a measure of NMHC' fluctua-
tions as do NMHC data.

The conclusion that the APCD THC data are of better quality than the
APCD nonmethane data is not surprising. NMHC recordings are obtained by
subtracting methane (CH4) measurements from THC measurements. Since both
the CH, and THC data may have low precision, NMHC values, obtained by subtracting
one uncertain measurement from another, are especially suspect. The uncer-

tainties in the APCD NMAC data are compounded by high round-off error.
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Table 5.5 Correlation Coefficients of APCD Hydrocarbon

Data with ARB Field Data, 1971

APCD APCD
THC NMHC
Downtown Los Angeles
ARB THC' ' .81 -
ARB NMHC' .63 .61
Azusa
ARB THC' .83 --
ARB NMHC' .63 71

Because THC and CH4 are reported only to the nearest ppm, individual NMHC

_ _ *
measurements can only assume values of 0, 1 ppm, 2 ppm, etc. -This is very

poor resolution, considering that the 6:00-9:00 A.M. APCD NMHC measurements

average less than 1 ppm. Because of the errors in the APCD NMHC daté, the

APCD THC data (adjusted to represent nonmethane hydrocakbons by a linear

formula) appear to give as good or.bettér indication of the fluctuations

in nonmethane hydrocarbons than do the APCD NMHC data.

*

Note the three-hour NMHC averages in Figures 5.4 and 5.5 can occur
at 0, .33 ppm, .67 ppm, etc., while the two-hour averages in Figures 5.6
and 5,7 can occur at 0, .5 ppm, 1.0 ppm, etc.
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6.0 INTERSTATION CORRELATIONS

Since the empirical modeling analysis will be based on day-to-day
fluctuations in oxidant and precusor concentrations, the data quality
aspect of most concern is the precision with which daily po]]ut{on level
variations are characterized. One way of assessing the quality of the
data with respect to fluctuations is to examine the correlation of dai]y
pollutant measurements between pairs of monitoring sites. It is difficult
to attach meaning to the absolute magnitudé of interstation correlation
coefficients because dajly fluctuations in pollutant levels will certainly
not be uniform over the basin; in particular, low correlations might be
expected for primary pp]]utants which are more sensitive to micro-scale
meteorology than ére secondary po]]utants.” However, by comparing cok—
relation levels for different pollutants, oné should be able to assess
data quality for each pollutant relative to data quality for other
pollutants.

The data for performing the interstation correlations were retrieved
from Technology Service Corporation's bank of ARB and APCD data tapes.

The pollutants examined included oxidant, NOX, THC, and NMHC (the four
contaminants of interest in the empirical modeling study) and, for com-
parison purposes, carbon monoxide. The correlations for the four primary
contaminants were based on daily 6-9 AM averages, while the correiations
for oxidant were based on daily maximum one hour concentrations. Separate
correlations were run with data from 1969 and 1973 in order to determine
whether data quality changed over time. Al1 stations that could con-

ceivably be used as source or receptor sites were included in the analysis.
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Tables 6.1 through 6.5 present the interstation correlation coef-
ficients for OX, NOX, THC, NMHC, and CO, respectively. At the bottom
of each table, the average correlation Coefficient for each station
against all other stations is listed. Also presented are the average

correlation coefficients among all stations; these averages are further

summarized in Table 6.6.

Table 6.6 Average Interstation Correlation
Coefficients Among All Sites

INTERSTATION CORRELATIONS

POLLUTANT 1969 1973
0X .67 .69
NOX .54 .57
THC W45 .45
NMHC .23 ' .37
co A4 .59

As indicated in Table 6.1, the highest interstation correlations
occur in the case of oxidant. The average of all interstation correla-
tions for oxidant was .67 in 1969 and .69 in 1973. Four stations in the
central part of the basin (Azusa, Burbank, Pasadena, and Pomona) yield
average correlations greater than .75 when paired against all other sta-

tions. In fact, the individual correlations among Azusa, Pasadena, and
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Interstation Correlation Coefficients for Daily

Table 6.1 ) L
Maximum One-Hour Oxidant Concentrations
. 1969 Data
« . 5 e o n
> = @ — e S 5 o
= -3 [ 4] o . x - — -— 3] L2 | =
[;-1 (-] el e = (=3 + (2] ) m < L4
< [%] L [+3] <~ [o] | =4 4+ 5= o< pa =4 —
-t =3 ~ (%] wy = < - = 13 = o
(=] N =1 [} < o [ £ (i) [~ 5 S 4]
o < [~a] o a. o |} = -= g [72] -l (<4
DOLA J7 .84 .72 .84 .75 .65 .71 .38 A .67 .60 .57
Azusa 77 .87 .83 .95 .93 .43 81 57 .82 .85 .82 .82
Burbank .84 .87 .85 .92 .85 50 .75 .50 .75 .81 .69 .68
Reseda .72 .83 .85 .83 .84 .37 60 .74 .65 .83 .55 74
Pasadena (79) 84 .95 .92 .83 91 49 .78 .51 .80 .85 .77 .80
Pomona .75 .93 .85 .84 91 .41 .69 .52 .80 .90 .73 .82
Lennox .65 .43 .50 37 .49 .41 .40 .14 A3 .33 .39 .25
Whittier 71 .81 .75 .60 .78 .69 40 .28 .88 .56 .86 . .59
Newhall 38 .57 b0 74 .51 .52 .14 .28 .28 .52 .37 ;50
Anaheim N .82 .75 .65 .80 .80 .43 88 .28 73 .80 .66
San ‘Bern. .67 .85 .81 ~'.83. .8 .90 .33 56 .52 .73 .68 .82
La Habra .60 .82 .69 .55 77 3 .39 .86 .37 .80 .68 .68
Redlands 57 .82 .68 .74 .80 .82 .25 59 .50 .66 .82 .68
Average Against Average of All
A1l Other Stations|.68 .70 .75 .71 79 .76 .40 .66 .44 .69 J1 .66 .66 | Interstation
: : - . o : a . . Correlations: .67
. e 1973 Data &
. g s - = £ g & ]
| =4 2] aQ 5+ > L -~ o QO «23 (7]
< @ 8 b = 5 2 B = 2 @ = = -
] N 5 ] 4 5 S = H = 5 - = =
(=} <C ==} (= oo [ 1 =3 = = (%] —J oo —
DOLA .79 .81 .70 .85 .76 .66 T .55 .73 .64 .75 .51 .50
Azusa .73 .87 ;85 .96 .94 .45 .69 .76 d7 .86 .82 71 .69
Burbank .81 .87 .86 .91 .87 .50 A .74 70 .80 .76 .66 .65
Reseda .70 .85 .86 .86 .86 .37 .56 .88 .61 .88 .65 .78 .76
Pasadena (83) .85 .96 91 .86 .91 .48 71 .75 .76 .83 .80 .67 .68
Pomona .76 .94 .87 .86 9N .46 71 .70 .76 .90 .83 .74 72
Lennox. .66 .45 .50 .37 .48 .46 64 .21 .59 .33 ,59 .21 - .20
Whittier e .69 W1 .56 .71 J1 .64 .35 .81 .53 .88 .39 .37
Newhall .55 .76 .74 .88 .75 .76 21 .35 .46 .87 .47 .83 .81
Anaheim .73 .77 .70 .61 .76 .76 .59 .81 .46 .65 .86 .54 .47
San Bern. .64 .86 .80 .88 .83 .90 .33 .53 .87 .65 .66 .84 .81
La Habra .75 .82 .76 .65 .80 .83 .59 .88 .47 .86 .66 50 .45
Palm Springs .51 W71 .66 .78 .67 .74 .21 .39 .83 .54 .84 .50 .86
Indio .50 .68 H5 76 .68 .72 .20 .37 .81 A7 .81 .45 .86
Average Against : ' Average
All Other Stations|.69 .78 .76 J4 .78 .78 A4 .63 .65 .67 .74 .70 .63 .62 ?f A1l
. : nter-
. station
Correla-
tions:
.69
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Table 6.2 Interstation Correlation Coefficients for
6-9 AM. hO Concentrations

1269 Data

s 5. P o
> = td) E 5 -
= [1=3 Q fia] > - - < Fa)
(-] [1v3 © ~ = [} E 4 [+1) o [
= w i=} Q [1v3 g fond -+ < =y
. pes) S [} wn = — o0 =

o N = U [1e] [=] [a3) - = T >3

DOLA 36 .76 .51 .64 .62 .68 .69 .51 .42 (69 ’
Azusa 36 47 .27 .52 .41 .01 .39 .30 .36 .55
Burbank 76 .47 J7.77 .74 64 72 .63 .38 .74
Reseda s 7 L7 .60 .63 .51 .53 .47 .45 .56
Pasadena (79) |64 .52 .77 .50 77 52 .62 .52 .41 .67
Pomana 6z 1 s ez .77 .61 .58 .54 .41 .64
Lennox 168 .01 .64 .51 .52 .61 58 .48 .22 .4
Whittier 169 .33 .72 .53 .62 .58 .58 2 45 .82
Anaheim }51 .30 .63 .47 .52 .54 .48 .72 36 .76
San Bern. 42 .36 .38 .45 . 41 .22 .45 .36 .33
La Habra 169 .55 .74 .56 .67 .64 .44 .82 .76 .33 '

Average Against Al ' ' - Average of A1l Interstation
Other Stations E59 .37 .66 .53 .60 .60 .47 .62 .53 .37 .62 {Correlations: 0.54

1973 Data
o 'y < s
o = [} -~ j= S s~
-~ e D o » — — -— Q 3
-] © h =] o = =) + o ] [~3] ]
= wv L [\ 1] g = - E = =
- =3 L w3 0 = o s =
s & e & & & 2 £ 2 = &8 . 5
DOLA .45 .68 58 .70 .68 .74 .73 .55 .64 .43 .76
Azusa .45 .45 .44 .39 .55 .19 .32 .36 .26 .40 .33
Burbank .69 .45 _ 7 .70 77 .72 .66 .67 .62 .43 .72
Reseda .59 .44 77 .60 .68 .61 .54 .71 .53 .46 .60
Pasadena (83) .70 .39 .70 .60 .71 67 .65 .61 .52 .48 .69
Pomena .68 .55 .77 .68 .7 .62 .66 .63 .56 .51 .72
Lennox .74 19 72 61 .67 .62 .72 .59 .63 .35 .77
Whittier J3 .32 .65 .54 .65 .66 .72 ST 73 .29 .84
Newhall .65 .36 .67 .71 .61 .83 .59 .51 . .45 .56 .62
Anaheim .64 .26 .62 .53 .52 .56 .63 .73 .45 .28 .69
San Bern. 43 .40 .43 46 .48 51 .35 .29 .56 .28 .38
La Habra .76 .33 .72 .60 .88 .72 .77 .84 .62 .69 .38
Average Against Al] Average of A1l Interstation
Other Stations .63 .37 65 .58 81 .64 .61 .61 .57 .58 .42 .65 | Correlations: 0.57
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Table 6.3 Interstation Correlation Coefficients for 6-9 A.M.
THC Concentrations ’

1969 Data
E = %
< § 3§ 2 =
- 3 |2 L] [ =
2 < & £ 3
DOLA .58 .45 .64 .47
Azusa .59 .57 .39 .44
Pasadena (79) | .45 .57 .26 .47
 Anaheim .64 .39 .26 .25
San Bern, 47 .44 .47 .25
Average Against Avekage of all Interstation
A1l Other Stations .54 .50 .44 .38 .41| Correlations: 0.45
- 1973 Data
o I bt
&2 = Q@ — 1=3 E
. § 5 § ¥ z 3 3 § £ &
a3 3 < » @ £ £ has < S c
= < @A & & = 2 = =2 = 3
DOLA .63 .62 .53 .57 .67 .58 .52 .24 L4 .44
Azusa .63 A2 .40 .52 .64 .27 27 .22 .24 .44
Burbank .62 .42 72 .52 .63 .67 .60 .21 .57 .48
Reseda 53 .40 .72 .48 .62 .50 .52 .37 .48 .55
Pasadena (83) | .57 .52 .52 .48 .54 4 .45 .30 .32 .46
Pomona .67 .64 .63 .62 .54 .49 49 .29 .45 .57
Lennox .58 .27 .67 .50 4 .49 .63 .12 .50 .30
Whittier .52 .27 .60 .52 .45 .49 .63 .10 .67 .32
Newha1l 24 .22 .21 .37 .30 .29 .12 .10 .05 .45
- Anaheim 41 .24 .57 .48 .32 .45 50 .67 .05 .24
San Bern. 44 a4 43 55 .46 .57 .30 .32 .45 .24 _
Everage Against All Average of All
dther Stations .52 .40 .54 .52 .46 .54 .45 .46 24 .39 .42 Interstation
' 0.45

Correlations:
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Interstation Correlation Coefficients for 6-9 A.M.

MMHC Concentrations

1969 Data
1+
)
- S
=1 [72] a3
o | = wn
[an] N [}
[ <L (=1
DOLA .36 12
Azusa .36 22
Pasadena (79) g2 L22
Average Against A1l Average of all Interstation
Other Stations 248 .29 17 Correlations: 0.23
1973 Data
[ 2 S—-
X = LY —
[l [1=] [¢}] i+ x - -
[1+] [1+] o . s (=] +2 a3
<C (2] L2 [+3] o Q = +2 =
1 = [ 7 % 1= = Bt =
o N pe] 131 [~ o L8} = [13]
] < o o ful j= -t = =
DOLA .3 .50 37 .37 .48 .49 .45 .25
Azusa .35 .27 .25 .24 .3 .21 .20 .15
Burbank .50 .27 57 .55 .48 .54 .52 .33
Reseda .37 .25 .57 35 .39 .42 .40 .40
Pasadena(83)|.37 .24 .55 .35 .49 .40 .40 .18
Pomona 48 .32 .48 .39 .49 44 0 460 .21
Lenrox .49 .21 54 .42 40 .44 .50 .25
Whittier .45 .20 .52 .40 .40 .46 .50 .15
Newhall 25 .15 .33 .40 .18 .21 .25 .15
Average Against Average of All
A1l Other Stations|.41 .25 .47 .39 .37 .41 .38  .24linterstation

41

Correlations: 0.37
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Table 6.5 Interstation Correlation Coefficients foﬁ 6-9 A.M.
CO Concentrations

1969 Data
o . o ©
-2 = (] 1= ~ ~
= o -1 < bl oy -y @ =)
< S 8 39 = 5 e £ £ @ =
-l Pl = vl v E = - [~ [ od
[ ~N 3 [+13 10 [=] Q L o= f = 3] ©
(=1 =L o oz =¥ o. ] = = w -
DOLA ‘ .51 .72 .60 .59 .69 .54 .64 .37 .37 .51
Azusa .51 .30 .38 .51 .47 -.04 .02 .32 .46 .31
Burbank .72 .30 .76 .65 .74 .66 .65 .25 .36 .59
Reseda .60 .38 .76 .54 .68 .47 .53 .23 .41 .6l
Pasadena (79) 59 .51 .65 .54 .66 .43 .72 .11 .46 .45
Pomona 69 .47 .74 .68 .66 .54 .54 .25 .45 .52
Lennox 54 -.04 .66 .47 .43 .54 58 .21 .12 .47
Whittier 64 .02 .65 .53 .72 .54 .58 .34 .21 .00
Anaheim - k37 .32 .25 .23 .11 .25 .21 .34 .31 22
San Bern. 37 .46 .36 .41 .46 .45 .12 .21 .3 27|
La Habra 51 .31 .59 .61 .45 .52 .47 .00 .22 .27
Average Against All ' ‘ N Average of A1l Interstation
Other Stations }.55 .32 .57 .52 .51 b5 40 .42 .26 .34 .40 |Correlations: 0.44
1973 Data
‘ n . e P
« 5 § € g 3 £ § 3 & 3
g ¥ Z & & & s E 3 £ & =
DOLA . .58 .77 .64 .77 .68 .73 .70 .51 .67° .40 .67
Azusa |58 .55 .47 .55 .71 .30 .37 .46 .48 .58 .33
Burbank .77 .55 .83 .87 .69 .76 .13 .67 .66 .47 .69
Reseda .64 .47 .83 .76. .58 - .66 .60 .68 .60 .46 .62
Pasadena (g3) .77 .55 .87 .76 J2 .18 .75 .64 .63 .42 .75
Pomona .68 .71 . .69 .58 .72 51 .54 .52 .57 .57 .55
Lennox : .73 .30 .76 .66 .78 .51 .79 .55 .57 .25 .76
Whittier .70 .37 .73 .60 .75 .54 .79 .51 .67 .21 .78
Newhall 51 .46 .67 .68 .64 .52 .55 .51 .47 .44 .53
Anaheim .67 .48 .66 .60 .63 .57 .57 .67 .47 .37 .59
San Bern. .40 .58 .47 .46 .42 .57 .25 .21 .44 .37 .26
La Habra 67 .33 .69 .62 .75 .55 76 .78 .53 .59 .26
Average Against All ‘ . Average of All Interstatioﬁ
Other Stations 65 .49 70 .63 .69 .60 .61 .60 .54 .57 .40 .59 |Correlations: 0.59
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Pomona range from .91 to .96! The only sites with relatively low average
correlations are Lennox and Newhall, two special cases. Lennox is the
only coastal site considered, while Newhall is north of the main valleys
in the SCAB. Even the sites in the SEDAB (Palm Springs and Indio) yie]d
good average correiations against the sites in the SCAB.

The high interstation correiations for oxidant occur for two reasons.
The first reason is good data quality; the high quality of oxidant data
has been discussed in both Chapter 4 and Chapter 5. The second reason is
that oxidant is a secondary pollutant. Secondary pollutants tend to be
more sensitive to regional scale meteorology (e.g., temperature, so]ar
radiation, mixing height) than to the microscale meteoro]ogy at 1nd1v1dua1
monitoring sites. The pervasive influence of regionwide meteorology leads
to good oxidant correlations between some stations that are separated by
50 miles or more (see later, Figure 6.1). ‘

Presumably due to the greater importance of microsca]é meteorology
and Tocal sources, the interstation correlations are lower for the pri-
mary pollutants (NOX, THC, NMHC, and CO) than for oxidant. However,
important conclusions concerning data quality can be reached by comparing
relative correlation levels among the primary contaminants in Table 6.6.
Among the primary pollutants, the highest quality data appears to be NOx
data (average R's of .54 and .57) and €O data in 1973 (average R of .59).
The 1969 CO data (average R of .44) and the THC data (average R of .45 in
both years) appear to be of somewhat lesser quality. Very low data

quality is evident in the case of NMHC; the correlation coefficients for
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NMHC are only .23 and .37 in the two years even though the NMHC data are
restricted to locations in Los Angeles County only.

The relative quality of‘data for the primary pollutants can also
be illustrated by examining subsets of the correlation tables. For
instance, if we consider sites in Los Angeles County only, the average
interstation correlations in 1973 are .64, .60, .47, and .37 for CO,
NOX, THC, and NMHC, respective]y; If we consider the central Los Angeles
County stations (Downtown LA, Burbank, and Pasadena), the average infeﬁ~
correlations in 1973 are .80, .70, .57, and .47 for CO, NO,, THC, and
NMHC, respectiVely;

The credibility of the comparisons among the various primary pollu-
tants is enhanced by the cohsistent patterns found in Tables 6.2 to 6.5.
For instance, the-average interstation correlations for primary pollu-
tants are almost always highest at the Burbank station. Low average
interstation correlations consistently occur for Azusa, Lennox, San
Bernardino, Newhall, and Anaheim. |

An interesting way of examining the correlation data is to plot
the correlations against interstation distance. Figures 6.1 through
6.5 present such plots for 0X, NOX, THC, 'NMHC, and CO, respectively.
These figures indicate that correlations tend to increase as the dis-
tances between stations become smaller. Figure 6.1 illustrates the par-
ticularly high correlations for oxfdant. Figures 6.2 to 6.5 show,.in |
graphical fashion, that the CO and NOx data are of higher quality than-
THC data, which in turn are of higher quality than NMHC data.
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This chapter demonstrates further the inadvisability of using NMHC
data in the empirical modeling study. Although low interstation correla-
tions do not prove that a given set of data is bad, they do cast doubts
concerning the validity and consistency of that data set. Sincé the THC
data have significantly higher interstation correlations than do the NMHC
values, the former are more appropriate for empirical modeling, even

though the latter would be preferable on physical grounds.



7.0 FINDINGS AND CONCLUSIONS

The purpose of this interim report is to survey the availability of
aerometric data in the SCAB and SEDAB, to identify potential source and re-
ceptor sites, and to assess the quality of the data base. In essence, the
objective is to investigate whether or not the existing data base is suffi-
ciently comprehensive and accurate for empirical modeling of the oxidant/
precursor relationship. The findings and conclusions that have resu]ted
from this investigétion are summarized in the paragraphs which follow.

There is Tittle question that enough aerometric data are available to
permit a detailed empirical modeling study (Chapter 2). There are-sixteen
oxidaﬁt monitoring sites in the SCAB, five oxidant monitoring sites in tﬁe
SEDAB, and twelve precursor (THC and NOX) monitoring sites in the SCAB that
satisfy a criterion of at least three years of 75% complete data. There are
also numerous sites providing wind field data and temperature measurements.
Data on mixing heights, solar radiation, and relative humidity are limited
but are still comprehensive enough to be used in the modeling analysis. A1l
of the necessary air quality data and much of the meteorological data are
available in computerized form,

A westerly sea breeze flow is the most prevalent wind pattern during day-
1ight hours in the June-Octdber photochemical smog season (Chapter 3). This
wind pattern often involves a southerly compohent during the morning hours.
The daytime sea breeze flow is so frequent in the photochemical smog season
that restricting the empirical modeling analysis to days with this pattern

will not significantly reduce the number of days in the data base.



For the dominant westerly flow pattern, it is possible to identify at
least five groups of source/receptor monitoring sites representing varying
degrees of transpert distancé and varying degrees of reaction time (Chapter 3).
At one extreme is local 1ate—horning oxidant in Downtown Los Angeles, while
at the other extreme is transported evening oxidant in Banning and Palm Springs.
In the initial empirical modeling work, specific monitoring sites within the
source and receptor areas should be selected based on an analysis of daily
wind patterns and on preliminary correlations between precursor measurements
and oxidant measurements. This preliminary statistical analysis will allow a
more finely tuned assessment of the transporﬁ re1a£ionships between source
sites and receptor sites.

A critical }eview of monitoring methods (Chapter 4) and statistical tests
of data quality (Chapters 5 and 6) lead to consistent conclusions concerning
the quality of oxidant and precursar measurements. Since the empirical
modeling analysis will be based on day—to-&ay fluctuations in pollutant con-
centrations, the data quality aspect of most interest is the precision with
which fluctuations in pollutant levels are measured. In general terms, the

precision of the data for the pollutants of interest can be summarized as

follows:
OX/O3 -------- Excellent
NOx -------- Good
THC = = = = = = = = Fair
NMHC = = =~ =« = = = = Poor

For comparison purposes, the precision for two other pollutants examined in

Chapter 5 is
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Nearly all of the routine oxidant/ozone data in the SCAB and SEDAB con-
sists of KI oxidant measurements. In order to make all the KI data consis-
tent, measurements taken by agencies other than the Los Angeles County APCD
should be multipiied by a factor of 0.8 to account for calibration differ-
ences. To improve the accuracy of the KI data in representing ozone, inter-

ference corrections should be made according to
[0,1 = [0X] + [S0,] - .2[NO,]

Routine NMHC data, available for Los Ahgeles County only, exhibit poor
dua]ity for three reasons: 1) the methane_éeparation methods tend to be
error-prone and sensitive to operator technique, 2) errors are compounded by
subtracting one uncertain measurement (CH4) from another uncertain measurement
(THC), and 3) large round-off errors occur because pre-1975 data are reported
only to the nearest ppm. Low data'quality precludes the use of NMHC measure-
ments in the empirical modeling analysis.

It may be féasib]e to conduct a meaningful empirical modeling study using
data for oxidant/ozone, NOX, and THC. The main impediment to this would be
the “fair" quality of the THC data and the approximations made in estimating
NMHC concentrations from THC data. Some encouragement can be gained from pre-
vious empirical studies which have used THC data in the SCAB and which haQe
obtained reasonable results in light of the limitations in the empirical

[1,2,3,4]

models which were tried. If the proposed modeling study is performed,
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the preliminary statistical analysis of oxidant/precursor correlations (dis-
cussed earlier) should be used to help select precursor sites with the best

quality THC data.*

*
That THC data quality can vary from site to site is evidenced by the
results of Chapters 4, 5, and 6.
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